Abstract The ever increasing demand and depletion of fossil fuels had an adverse impact on environmental pollution. The selection of appropriate source of biodiesel and proper blending of biodiesel plays a major role in alternate energy production. This paper describes an application of hybrid Multi Criteria Decision Making (MCDM) technique for the selection of optimum fuel blend in fish oil biodiesel for the IC engine. The proposed model, Analytical Network Process (ANP) is integrated with Technique for Order Performance by Similarity to Ideal Solution (TOPSIS) and VlseKriterijumska Optimizacija I Kompromisno Resenje (in Serbian) (VIKOR) to evaluate the optimum blend. Evaluation of suitable blend is based on the exploratory analysis of the performance, emission and combustion parameters of the single cylinder, constant speed direct injection diesel engine at different load conditions. Here the ANP is used to determine the relative weights of the criteria, whereas TOPSIS and VIKOR are used for obtaining the final ranking of alternative blends. An efficient pair-wise comparison process and ranking of alternatives can be achieved for optimum blend selection through the integration of ANP with TOPSIS and VIKOR. The obtained preference order of the blends for ANP-VIKOR and ANP-TOPSIS are B20 > Diesel > B40 > B60 > B80 > B100 and B20 > B40 > Diesel > B60 > B80 > B100 respectively. Hence by comparing both these methods, B20 is selected as the best blend to operate the internal combustion engines. This paper highlights a new insight into MCDM techniques to evaluate the best fuel blend for the decision makers such as engine manufactures and R& D engineers to meet the fuel economy and emission norms to empower the green revolution.
Introduction
With energy shortage and growing environmental pollution, all countries are look for a new energy that has long period exploits value and no environmental pollution. There is a need to search and find ways of using alternative fuels, which are preferably renewable and also emit low levels of gaseous and particulate pollutants in internal combustion engines. Biodiesel is clean chemistry energy of future. Biodiesel has significant superiority over diesel in a way to meet the fuel economy and stringent emission norms. It also reduces global warming and environmental meltdown occurring due to massive carbon footprints left by the fossil fuels. Biodiesel can be produced from renewable resources such as vegetable oil, animal fat and waste cooking oil [1] . The cultivation of crops for biodiesel production poses a threat to food security and contributes to decline in soil fertility [2] . Moreover the oil percentage and the yield per hectare of vegetable oil are very low. On the other hand, the animal fat present in the waste parts of fish serves to be a good source of crude oil for biodiesel. Fish oil can be derived from waste parts of fish like viscera, eyes, fins, head, tails, liver and maw [3, 4] . The calorific value of fish oil is similar to that of petroleum distillates [5] . Jayasinghe and Hawboldt reviewed the production process of physical, chemical and thermal properties of biofuel from fish waste and suggested that waste fish oil exhibits better engine performance [6] . A few researchers have used methyl ester of fish oil as a biodiesel to study the performance and emission characteristics of Internal Combustion (IC) engine [7] [8] [9] [10] [11] [12] . Godiganur et al. prepared several blends of varying concentration ranging from 0% to 80% in the interval of 20% [7] . Steigers and Behcet attempted with blends from 0% to 100% in the interval of 25% and 50% [10, 12] . In this paper, an attempt has been made to use ethyl ester of fish oil as a biodiesel to study the performance, exhaust emissions and combustion parameters. The engine was operated with the biodiesel-diesel blends at a constant speed of 1500 rpm at different load conditions. The performance, emission and combustion characteristic of the engine varies with respect to different load conditions for different biodiesel-diesel blends. It is quite difficult to choose the optimum blend to run the Internal Combustion (IC) engine.
In the existing work, most of the researchers have discussed their operating fuel with reference of NO x , smoke and BTE performance. Based on the reduction of NO x and smoke and increase of BTE, the operating fuel is recommended as the best blend without considering other influencing parameters such as HC, CO and EGT [7, [12] [13] [14] [15] [16] . In this paper, to overcome the shortcomings of the existing research, all the performance, emission and combustion characteristics are considered. In this paper ANP integrated with TOPSIS is proposed as the hybrid MCDM technique for evaluating and selecting the suitable blend for IC engines.
MCDM is a branch of a general class of operation research models dealing with decision problems under the presence of a plethora of factors and criteria. It provides sophisticated methodological tools that are oriented towards the support of the decision makers in facing complex real-world decisions. The application of MCDM in automobile engineering has been gradually increasing in the past few decades. Milani et al. proposed a methodology for material selection illustrating nonmetallic gear nylon material used to drive secondary power system in aircrafts using ANP approach [17] . Atmaca and Basar used ANP technique to select best power plant in turkey based on Technology, sustainability, economy, life, quality, socio-economic criteria [18] . Vinodh et al. did a case study for Indian electronics switches manufacturing company based on FANP approach to select the best supplier [19] . Boran and Goztepe evaluated the best vendor based on FANP approach for commodity purchase [20] . Wu et al. made an attempt to monitor and determine the appropriate marketing strategy using integration of ANP and TOPSIS [21] . Lee et al. compared the five force model which emphasis on factors threatening industrial growth time to time using ANP technique [22] . Tuzkaya et al. addresses the selection of facility location selection using ANP [23] . Hong-cai et al. made an attempt to evaluate better bridge alternative using ANP approach [24] . Gencer and Gurpinar proposed ANP methodology for supplier selection, being the most important factor affecting the performance of the company [25] . From the literature, there is no trace of research that deals with selection of suitable fuel blend based on the performance, combustion and emission characteristics using MCDM technique. Hence in this study, an effort is taken to evaluate the best blend using hybrid MCDM technique, ANP with TOPSIS and VIKOR to achieve the maximum engine performance and environmental benefits by reducing noxious emissions.
The rest of this paper is organized as follows: in the second section, preparation of test fuel and its properties are summarized. In the third section experimental procedure and its specifications are explained. In the fourth section ANP, TOPSIS and VIKOR are summarized. In this section, literature review and methodology for each technique are also given. In the fifth section, the proposed model is explained. In the sixth section, the obtained results are discussed. Finally, in section seven, the paper is concluded with suggestions for future research. 
Test fuel
The waste parts of sardine fish were cooked, squeezed and centrifuged to extract the fish oil. The water content and impurities in raw fish oil were refined by a series of pre-treatment process. A sample of 1000 ml of fish oil was taken in a container and heated up to 75°C using heating coil at a minimum stirring speed. A fixed amount of ethanol and 6 g of Potassium Hydroxide (KOH) was vigorously shaken in a conical flask and poured into the container. The container was closed with an air tight lid. The mixture was then stirred for an hour and the solution was transferred to a separator funnel and allowed to settle overnight. The biodiesel process turned the oil into esters, separating out the glycerol. The glycerol sank to bottom and the bio-diesel which can be siphoned off floated on top. The crude ester phase was separated and the glycerol phase in it was washed with warm de-ionized water several times until the washed water became clear. The excess water in the ester phase was removed by evaporation under atmospheric condition. Diesel was added in the ratio of 0%, 20%, 40%, 60%, 80% and 100% with ester to transform it as biodieseldiesel blends. The prepared biodiesel was examined for physical, chemical and fuel related properties as per ASTM test standards before the engine testing was carried out. The fuel properties of fish oil biodiesel, diesel and biodiesel-diesel blends are given in Table 1 .
Experimental setup and testing procedure
Tests were conducted on a single cylinder, air cooled, four stroke, vertical, DI diesel engine with the displacement volume of 661 cm 3 , compression ratio of 17.5:1, developing 4.4 kW of power at 1500 rpm. The injector opening pressure recommended by the manufacturer was 210 bar and the engine was operated at standard injection timing 21obTDC. Specification details of the engine are given in Table 2 . The engine was loaded by electric dynamometer to provide the brake load. The schematic diagram of the engine setup is shown in Fig. 1 . The engine was started initially with diesel and allowed to have a warm-up for about 10 min. The AVL 437 smoke meter and AVL 444 Di Gas analyser were used to measure the smoke and exhaust emission of the engine. The exhaust gas was made to pass through the probe of exhaust gas analyzer to measure the levels of carbon monoxide (CO), carbon dioxide (CO 2 ), oxides of nitrogen (NO x ) and hydrocarbon (HC) and then passed through the probe of smoke meter to measure smoke density. The AVL 615 Indi meter software, along with the necessary instruments and sensors was used to measure the in-cylinder pressure and crank angle for the combustion. The pressure data were collected over 100 consecutive cycles at each crank angle and averaged. A series of tests were carried out at a constant speed of 1500 rpm and variable loads. Several blends of varying concentrations such as B0, B20, B40, B60, B80 and B100 were used as engine fuel. Each test was repeated three times to ensure the reproducibility of data and shown in Table 3 .
Experimental results and discussions

The proposed methodology
The proposed methodology consists of three basic stages: (1) identification of the performance and emission criteria, (2) exploratory observations of the criteria and (3) ANP and TOPSIS to rank the alternatives. The schematic diagram of the proposed methodology for the selection of the best blend is shown in Fig. 2 . In the first stage, the alternative blends and their evaluation criteria are identified, and then a decision hierarchy is framed. A single cylinder four stroke naturally aspirated compression ignition engine is operated with a constant speed of 1500 rpm for the different alternatives at variable load for observing the performance, emission and combustion characteristics in the second stage. In the last stage of the proposed methodology, pair-wise comparison matrices are framed using Saaty's scale to compute the relative weights of the performance and emission criteria. TOPSIS is used to rank the alternatives with the use of observed readings and relative weights of the evaluation criteria.
Criteria for selecting a best blend
In this study, the authors have used the literature survey to identify the evaluation criteria for selection of best blend [8, 12, 13] . The criteria are arranged in a hierarchical structure as shown in Fig. 3 . The group decision making technique gives an opportunity to include the opinions of different IC engine experts and the engine manufacturers in the decision making process. The identified criteria are described below:
Oxides of nitrogen (NO x )
The formation of nitrogen oxides (NO x ) depends on the peak flame temperature, ignition delay, and the content of nitrogen and oxygen available in the reacting mixture.
Smoke
The oxygen content in the molecular structure of the biodiesel is the main factor that has effects on the smoke emission. Smoke emission is made to occur by the thermal cracking with the long chain HC molecules in an oxygen deficient combustion environment.
Brake Thermal Efficiency (BTE)
The brake power of a heat engine as a function of the thermal input from the fuel. It indicates how efficiently the fuel energy is converted into mechanical output.
Carbon dioxide (CO 2 )
The CO 2 emissions of diesel engine indicate how efficiently the fuel is burnt inside the combustion chamber. If the combustion is good then most of the carbon will be converted into carbon dioxide during combustion.
Carbon monoxide (CO)
The carbon monoxide emission depends upon oxygen content, carbon content and combustion efficiency of the fuel. The carbon present in the fuel is oxidized with oxygen present in air to form CO.
Hydrocarbon (HC)
Hydrocarbons present in the fuel take part in the combustion reaction in the presence of oxygen and the remaining hydrocarbons come out as unburned hydrocarbons.
Exhaust Gas Temperature (EGT)
EGT represents the exact temperature of the fuel mixture after it is combusted in the cylinder. It indicates the efficiency of the combustion and is an important parameter in analyzing the emission values.
Ignition Delay (ID)
Ignition delay refers to the time difference between the start of injection and start of combustion in which each droplet gets ready for combustion by being atomized, vaporized, mixed with air, ignited through auto ignition and burned.
Combustion Duration (CD)
Combustion duration is the period from the start of the combustion to the end of combustion and can be determined from the heat release data.
Maximum Rate of Pressure Rise (MRPR)
In a CI engine, at the initial stage, pressure rise depends on the combustion rate that is influenced by the amount of fuel taking part in the premixed combustion phase.
Methods
Analytic network process
ANP is a method proposed by Saaty [26] . In ANP the decision problem is structured network to deal with decision without making assumptions about the independence of higher level elements from lower level elements [26] . In the literature, ANP has been applied in many complicated decision making problems. The ANP has its own advantages and has produced ideal results in various fields. Chung et al. proposed ANP for the selection of product mix for efficient manufacturing in a semiconductor fabricator [27] . Coulter et al. developed and tested a comprehensive model for media selection and budget allocation using the ANP technique [28] . Gencer Fig. 1 Schematic diagram of the engine setup. Step 1
Step 2
Step 3 the potential CO 2 sources and sinks to identify sites for CO 2 capture and storage demonstration projects [42] .
4.1.1. Modelling with ANP 4.1.1.1. ANP model construction and problem structuring. The ANP model consists of three elements, (1) goal of selecting the best alternative, (2) criteria and sub criteria for the model, and (3) alternatives. The elements in the hierarchy of determinants are divided into dimensions and attribute enablers. Identification of dimensions and attribute enablers at each level and definition of inter relationships is necessary for the development of decision model. The objective of hierarchy is ultimately to find out the alternatives.
Establishment of pair wise comparison matrices.
For proper pair wise comparison of matrices, the opinion of experts has been collected using a nine-point scale as listed in Table 3 .
The number of matrices depends on the number of elements at each level and the order of the matrix at each level depends on the number of elements at the lower level to which it is linked. The pair-wise comparisons are made in terms of, how element A is more important than element B. It uses a ratio scale for each level of criteria, sub criteria, and alternatives, which allows the construction of relative weight matrices. For example, for a given criterion in the first row, if alternative A is ''Very Strongly Preferred'' over alternative B, then a weight of 7 is entered. If the alternative A is ''Strongly Preferred'' over alternative C, then a weight of 5 is entered. The judgment matrix A in which every element a ij (i, j = 1,2,. . . , n) is the quotient of weights of the criteria, as shown:
The decision matrix for the optimum blend selection is formulated by identified criteria and alternatives using Eq. (1) and shown in Table 6 respectively.
At the last step, the mathematical process is commenced to normalize and find the relative weights of each matrix. The relative weights are given by the right Eigen vector (w) corresponding to the largest Eigen value (k max ), as
It should be noted that the quality of output of ANP is strictly related to the consistency of the pair-wise comparison judgments. The consistency is defined by relation between the entries of A: a ij · a jk = a ik . The Consistency Index (CI) is
The consistency of the subjective input in the pair-wise comparison matrix can be determined by calculating a Consistency Ratio (CR). In general, the CR having value less than 0.1 is good. The CR for each square matrix is obtained from dividing CI values by Random Consistency Index (RCI) values. RCI is obtained from a large number of simulation runs and varies depending upon the order of matrix. Table 4 lists the value of the Random Consistency Index for the matrices of order 1-15 that is obtained by approximating random indices.
where RI is the average index for randomly generated weights.
4.1.1.3. Pair wise comparison matrices of interdependencies. In order to compare the all interdependencies in a network, a pair wise comparison has made among all attributes-enablers and corresponding values have been calculated.
Formation and analyzing of super matrix.
The super matrix has been used to represent the various interdependence effects that exist between different process elements. It represents the relationship between criteria/sub criteria, and also shows the interdependencies between the criteria and sub criteria. Super matrix will be a partitioned matrix, where each submatrix is composed with a set of relationships between two graphical models. Initially, the super matrix will be considered as un-weighted matrix because its Eigen vectors may not be equal to 1. The super matrix needs to convert into reasonable priorities. In order to achieve this state un-weighted matrix has been multiplied by the priority weights generated from the clusters; hence the weighted matrix has been derived. The weighted super matrix is then raised to a significantly large power in order to have converged or stable values. This can be done by raising the super-matrix to the power 2k + 1, where k is an arbitrary large number or it can be found out by using ANP solver.
TOPSIS
Hwang et al. were the first one to develop the TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) [43] . The TOPSIS is relatively simple and fast, with a systematic procedure [44] . It has been proved as one of the best methods in addressing the rank reversal issue. The basic idea of TOPSIS is that the best decision should be made to be closest to the ideal and farthest from the non-ideal. Such ideal and negative-ideal solutions are computed by considering the other over all alternatives [45] . The positive-ideal solution is a solution that maximizes the benefit criteria and minimizes the cost criteria, whereas the negative ideal solution maximizes the cost criteria and minimizes the benefit criteria [45, 47] 
Modelling with TOPSIS
(1) Normalization of the evaluation matrix: the process is to transform different scales and units among various criteria into common measurable units to allow comparisons across the criteria. Assume f ij to be of the evaluation matrix R of alternative j under evaluation criterion i then an element r ij of the normalized evaluation matrix R can be calculated by many normalization methods to achieve this objective.
(2) Construction of the weighted normalized decision matrix: the weighted normalized decision matrix can be calculated by multiplying the normalized evaluation matrix r ij with its associated weight w i to obtain the result
where w i is given by P n iÀ1 w i ¼ 1 (3) Determination of the positive and negative ideal solutions: the positive ideal solution A * indicates the most preferable alternative and the negative ideal solution A À indicates the least preferable alternative.
(4) Calculation of the separation measure: the separation from the positive and negative ideal for each alternative can be measured by the n-criteria Euclidean distance.
(5) Calculation of the relative closeness to the ideal solution: the relative closeness of the ith alternative with respect to ideal solution A + is defined as
(6) Ranking the priority: a set of alternatives then can be preference ranked according to the descending order of CC Ã j .
VIKOR
VIKOR method was developed by Opricovic [57] to solve MCDM problems with conflicting and non-commensurable criteria. The method is focused on selecting and ranking from a set of alternatives and a compromise solution is obtained with the initial weights of a problem with conflicting criteria. Assuming that each alternative is computed according to each criterion function, the compromise ranking is performed by comparing the measure of closeness to the ideal alternative. Mahmoodzadeh et al. [58] proposed the integration of FAHP and TOPSIS in a project selection problem. But the TOPSIS methodology is not considering the relative distances from the ideal and negative ideal solution. The limitations can be overcome through VIKOR methodology. Only a few research papers have been found in the literature in connection with VIKOR application for various fields. Opricovic and Tzeng [59] have given a detailed comparison of TOPSIS and VIKOR and said that the compromise solution gives a maximum group utility of the group majority and a minimum individual regret of the opponent. Wu et al. [21] developed a hybrid fuzzy model application for the innovation capital indicator assessment of Taiwanese Universities using FAHP and VIKOR. Sanayei [60] proposed a hierarchical MCDM model based on fuzzy set theory and VIKOR method was proposed to deal with the supplier selection problems in the supply chain system. Kaya and Kahraman [61] proposed an integrated VIKOR-AHP methodology to determine the best renewable energy alternative for Istanbul. San Cristobal [62] applied the VIKOR method in the selection of a Renewable Energy project in the Spain. Ilangkumaran and Kumanan [63] applied VIKOR to select a suitable maintenance strategy for the textile spinning mill. Hsu et al. [64] implemented a hybrid DANP VIKOR methodology to select the best vendor for conducting the recycled material in Taiwan. Wang and Tzeng [65] have determined best brand marketing strategies combining DEMATEL with ANP and VIKOR methods. Raei and Jahromi [66] proposed hybrid model of ANP, VIKOR AND TOPSIS to identify an appropriate portfolio. Mehbodniya et al. [67] are used VIKOR method for the network selection.
Modelling with TOPSIS
The development of VIKOR is started with the following form of L p -metric:
; 1 6 p 6 1; j
In the VIKOR method L 1,j (as S j ) and L 1,j (as R j ) are used to formulate ranking measure. The answers are obtained by min j S j is with the maximum group utility (''majority'' rule), and the answer obtained by min R j is with a minimum individual regret of the ''opponent''. The compromise ranking algorithm of VIKOR encompasses the following steps:
(1) The purpose of normalizing the performance matrix is to unify the unit of matrix entries. The determination of normalized values of alternatives x ij is the numerical score of alternative j on criterion i. The corresponding normalized value f ij is defined as follows. 
The utility measure and the regret measure for each maintenance alternative is given as
where S i and R j represent the utility measure and the regret measure, respectively and w j is the weight of the jth criterion.
(4) Calculate the VIKOR index
where S * = min j S j , S À = max j S j , R * = min j R j , R À = max j R j and v is introduced as weight of the strategy of ''the majority of criteria'' (or ''the maximum group utility''), here v = 0.5. (5) Rank the order of preferenceThe alternative with the smallest VIKOR value is determined to be the best value. Propose as a compromise solution the alternative A 0 which is ranked the best by the measure Q (minimum) if the following two conditions are satisfied: C1. Acceptable advantage:
where A 00 is the alternative with second position in the ranking list by Q; DQ = 1/(m À 1); m is the number of alternatives. C2. Acceptable stability in decision making: Alternative A 0 must also be the best ranked by S or/and R. This compromise solution is stable within a decision making process, which could be ''voting by majority rule'' (when v > 0.5 is needed), or ''by consensus'' v % 0.5, or ''with veto'' (v < 0.5). Here, v is the weight of the decision making strategy ''the majority of criteria'' (or ''the maximum group utility''). If one of the conditions is not satisfied, then a set of compromise solutions is proposed, which consists of: Alternatives A 0 and A 00 if only condition C2 is not satisfied, or Alternatives A 0 , A 00 , . . . , A (m) if condition C1 is not satisfied; A ðmÞ is determined by the relation Q(A (m) ) À Q(A 0 ) p DQ for maximum M (the positions of these alternatives are ''in closeness'').
Computations
ANP computations
The decision hierarchy diagram is established using identified evaluation criteria and the alternative blends. The decision model consists of four levels, namely, the objective of the problem, main criteria, sub criteria and the alternatives, which are positioned at level by level respectively. After the construction of the hierarchy diagram for the problem as mentioned, the ANP methodology requires the pair-wise comparison of the criteria in order to determine their relative weights. As per ANP paired comparisons of homogeneous elements is required, using 1-9 fundamental scale of absolute numbers to compare two alterative with respect to attribute, with the smaller or lesser alterative as the unit of for that attribute. To estimate the larger one as a multiple of that unit, one assigns to it an absolute number from the fundamental scale. This process is done for every pair as shown in Table 6 . A basic questionnaire has been prepared and feedback has been taken from IC engine experts to find out the relative importance of the selected criteria. Since the alternative cluster is inner dependent and also self-connected, so one of the six clusters are compared pair. In this case Cluster matrix is required due to inner dependant nature. As the nodes in Alternatives cluster are connected to other nodes in that cluster, it must influence itself. If all the clusters are equally important it is not necessary to make cluster comparisons, and the cluster weights are set to 1/n in the cluster matrix. Then they need to be compared to establish the weights in the cluster matrix represented in Table 7 .
There are three super matrices associated with each network: unweighted super matrix, weighted super matrix and limit super matrix. The priorities derived from the pair wise comparisons are entered in the software and the weighted super matrix is obtained, represented in Table 8 and the weighted super matrix is obtained after taking input from the cluster weight represented in Table 9 . Raising to the powers yields the limit matrix from which the final answers are extracted represented in Table 10 . The final weights obtained for the criteria are shown in Table 11 .
TOPSIS computations
The TOPSIS method is proposed for the selection of the best blend among the alternative blends. The performance, emission and combustion characteristics of the engine at 25% load are considered to illustrate the computational procedure of the proposed TOPSIS. The first step of the TOPSIS is normalization of the experimental performance, emission and combustion readings using Eq. (5) from Table 5 . The normalized decision matrix is tabulated in Table 12 . The ANP criteria weights are considered to compute the weighted normalized decision matrix using Eq. (6) and tabulated in Table 11 .
After a weighted normalized decision matrix is formed, positive ideal solution (PIS) and negative ideal solution (NIS) for all the alternatives are determined using Eqs. (7) and (8) and tabulated in Tables 13 and 14 . Then the distance of each alternative from the positive ideal solution and the negative ideal solution with respect to each criterion are computed by using Eqs. (9) and (10) and tabulated in Table 15 .
The closeness coefficients of the alternatives with respect to the ideal solution are calculated using Eq. (11) . Finally, the alternatives are ranked using the relative closeness value. The developed TOPSIS model for selection of best blend for 25% load is incorporated in Appendix A. A similar computational process is followed for 0%, 50%, 75% and 100% load conditions for the other alternatives for evaluating the optimum blend. The obtained results are tabulated in Table 16 . The B20 alternative is positioned at first ranking in 75% load condition. It also obtained the optimum ranking in all other load condition when compare to other blends. So the decision maker can select B20 as the best blend for operating the internal combustion engines. The preference order of alternative blends are B20 > B40 > Diesel > B60 > B80 > B100.
VIKOR computations
The VIKOR method is also proposed for selecting the optimum fuel blend among the alternative blends. The performance, emission and combustion characteristics of the engine at 0% load are considered to illustrate the computational procedure of the proposed VIKOR.
Step1: The normalized decision matrix is calculated just as in TOPSIS methodology, the resulting normalized decision matrix is shown in Table 12 .
Step 2: Determination of Ideal Solution f Step 3: The values of S i and R i is calculated using Eqs. (14) and (15) the obtained results are given in Table 17 .
Step 4: The VIKOR Index is calculated using Eq. (16). The obtained results are shown in Table 18 .
Step 5: As indicated in step five the smallest VIKOR index is determined as the best value and shown in Table 19 .
The B20 is positioned at first ranking in 0%, 25% and 100% load conditions whereas diesel is also positioned at first in 75% load conditions respectively. So the B20 blend is the optimum blend for operating the internal combustion engine.
Results and discussions
The results obtained through the proposed methodology ANP-VIKOR and ANP-TOPSIS are tabulated in Table 17 . The ranking order at 50% load is considered to illustrate the result of VIKOR and TOPSIS analysis. The ranking order are positioned in descending order based on VIKOR index (Diesel = 0.001 > B20 = 0.045 > B40 = 0.217 > B60 = 0.532 > B80 = 0.689 < B100 = 1.00). The ranking order by TOPSIS is based on closeness coefficient (D i e s e l = 0 . 6 3 2 < B20 = 0.599 < B60 = 0.590 < B40 = 0.533 < B80 = 0.403 < B100 = 0.337). B20 is obtained as the best blend for both the methods where as B100 stands last ranking due to the fuel characteristics. The relative density of diesel is 850 kg/m 3 and for B100, it is 885 kg/m 3 , where as B80-B20 increases with increasing concentration of biodiesel in blends. Similarly the flash point and fire point for diesel is 56°C and 63°C whereas for B100, it is 114°C and 125°C respectively that increases with blend ratio. The calorific value of biodiesel is lower than diesel which is 40,060 kJ/kg for diesel and 42,800 kJ/kg for biodiesel and found to decrease as blend proportion is increased. The effect of BTE, EGT, NO x , CO, CO 2 , HC, smoke, ID, CDU and MRPR in the engine with respect to the load varies with respect to the fuel characteristics. Researchers cannot be able to propose the best blend among B20, B40 and B60 blends, since the fuel characteristics are closer which creates contradiction to meet the emission norms and fuel economy. To overcome the above issue, the mathematical model of ANP-TOPSIS & ANP VIKOR were proposed to assess and prioritise the fuel blends.
Even though the first ranking (B20) is similar in both the methods, the ANP-TOPSIS has the following limitations over the ANP-VIKOR. It requires lengthy calculations to obtain the ideal and negative ideal solution of the criteria and separation measures and the closeness coefficients of the alternatives. The computational timing is more, if the number of alternatives and the criteria increase which was minimized by VIKOR. In TOPSIS, the closeness coefficients of alternatives are not always closest to ideal solution. For example, in VIKOR diesel is obtained at the first position with aggregate function of 1(1 À 0.001), which is very closest to ideal value 1. But in TOPSIS, the same diesel is positioned at first rank with the closeness coefficient value of 0.632, which is not closest to ideal value 1 as compared to VIKOR aggregate function. Similar evaluation is carried out with 0%, 25%, 75% and 100% load. Thus, the final ranking based on both techniques is B20 > Diesel > B40 > B60 > B80 > B100. The application of hybrid VIKOR is providing valuable assistance for best blend selection decision-making problems.
Conclusion
The selection of best blend plays an imperative role for biodiesel usage in internal combustion engines. There are a number of performance, emission and combustion parameters that are to be considered before choosing the best blend which involves a multidimensional perspective. Therefore effective decision-making approach is essential to resolve the problem. ANP integrated TOPSIS and ANP integrated VIKOR decision making methods have been used to evaluate the best blend. ANP is used to compute the evaluation criteria weights and TOPSIS is employed to determine the priorities of the alternatives. Similarly ANP weights are taken as the input for VIKOR and the priorities of alternatives are determined. The proposed decision methods can help the decision makers such as engine manufacturers and R&D engineers to analyze and choose the best blend for the IC engines. The outranking methods are used for precise ranking results of alternatives. It is evident that the proposed approaches are different from the existing literature for the selection of best blend.
For further research, the analysis can be carried out by implementing fuzzy set theory. The biodiesel can be used in other type of engines such as multi cylinder engine and variable compression ratio engine (VCR) with same performance. In addition, group decision making approaches can be developed using various MCDM techniques such as ELECTRE, PROMETHEE & GRA for choosing the best blend. Further experiments can be conducted by varying blending concentrations in the range of 5% and 10% to get more accurate results. Appendix A. Development of TOPSIS model for selection of best blend for 25% load
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